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Abstract
According to modern management theory, the performance evaluation based entirely on objec-
tive indicators within an organization is not considered to be an effective tool. The research ob-
jective of this paper is to suggest a contemporary model for evaluation in the budgetary control 
process of the organization. The model is based on a modern evaluation approach and a com-
plex toolkit of management science and mathematical theories of fuzzy sets and fuzzy logic. In 
this model, subjective evaluations of the responsibility centres’ achievement and performance in 
budgetary control are generated by fuzzy techniques based on a combination of quantitative and 
qualitative indicators. The model also allows for an immediate transformation of quantitative 
into qualitative evaluations and vice versa both in fuzzy and crisp types. The proposed model is 
an appropriate tool for the subjective performance evaluation of objective results from the or-
ganization’s budgetary control process under uncertainty. This model was tested in a Bulgarian 
enterprise for unique wood furniture manufacturing in July 2018 and was applied to five cost 
centres, with the results demonstrating its applicability. According to our study, the model pro-
vides a modern solution to a management problem that is unresolved in the scientific literature 
and is important to the budgetary management practice of organizations. We believe that the 
further improvement and implementation of the model will contribute to more effective man-
agement and thus to the enhancing competitiveness of the organization. 
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1. INTRODUCTION
According to modern management theory, the performance evaluation based entirely on objec-
tive indicators within an organization is not considered to be an effective tool. (Hope & Fraser, 
2007; Micheli & Luca, 2014). The application of this management concept implies the need to 
introduce evaluation models combining both objective (quantitative) and subjective (qualitative) 
indicators along with tools to better reflect the opinions, influence, and contributions of people 
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within the organization (Afonina, 2015; Tuček, 2015). The evaluative problem is particularly 
complex to solve in terms of management processes employing mainly financial indicators such 
as the budgetary control of the organization as part of its budgetary management (Lucey, 2009). 
The application of traditional budgetary management techniques as a key element of manage-
ment control system is not recommended or even rejected by advocates of this concept (Hope & 
Fraser, 2007; Otley 2016). However, there is evidence of a widespread use of budgetary manage-
ment in the practice of a number of organizations (Otley & Pollanen, 2000; Dunk, 2011).
Taking into account the necessity of updating evaluation models and tools, we reviewed the 
scientific literature in the field of performance and budgetary management. Our study was con-
ducted using a combination of the keywords “fuzzy”, “evaluation/assessment”, “budget con-
trol”, “responsibility”, and “accounting”. After locating and analysing 153 titles in Scopus and 
9 titles in the Web of Science, we did not find a complete model for the performance evaluation 
in the budgetary control of the organization. Basic principles and guidelines for developing such 
a model have been proposed by Lucy (2009) and Drury (2018). As far as managerial practice is 
concerned, such models undoubtedly exist, but they are not reported in the literature, perhaps 
because they are owned by consulting companies.
Regarding the applied tools, various principle models for control and evaluation were found in 
the scientific literature (Kaplan & Norton 1992; Yiu et al., 2005; Bojadziev & Bojadziev, 2007; 
Sousa et al., 2015). As a result of our study in the scientific networks on fuzzy evaluation models 
in budgetary control, we have drawn four conclusions. Firstly, we did not find a fuzzy model 
to evaluate performance in the organization’s budgetary control process. Secondly, two papers 
present fuzzy models and are relatively close to our topic according to the keywords used. The 
first model (Liu, 2015) uses a combination of fuzzy relations and fuzzy logic, and the second 
one (Moradi et al., 2017) fuzzy logic and interval-valued triangular fuzzy numbers. Thirdly, in 
instrumental terms, both models are very complex to put into practice. Fourthly, the subject of 
both models is far from the essence of this study. In methodological terms, the evaluation model 
proposed by us is based on the Bojadzievs’ fuzzy control model (2007). In our opinion, this 
model presents an opportunity to meet the requirements of the above-mentioned management 
concept to a great extent. However, the model is too general and refers to control as a whole. 
Thus, it does not reflect the specificity of the budgetary control within the organization. 
In this context, we propose an evaluation model as an attempt to overcome conceptual and 
methodological gaps in the organization’s budgetary control. In the model, the quantitative re-
sults achieved in the budgetary control are subjectively evaluated in the context of the qualitative 
indicators by fuzzy tools. On this basis, we offer new concepts of achievement and performance 
of group entities in the organization’s budgetary control under uncertainty. In our opinion, the 
model contributes to enhancing the motivation of participants in budgetary control by link-
ing budgetary control to human resources management (Gabčanová, 2013; Todorova & Ma-
rinova, 2018), and thus increasing effectiveness of the organization’s budgetary management 
(Katsamunska, 2016). As a long-term effect (Tododrova, 2012), we believe that the model will 
contribute to enhancing competitiveness of the organization.
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2. THEORETICAL BACKGROUND
In conceptual terms, the evaluation model proposed here is based on theories of management 
accounting, management control, and performance management.
The unequivocal importance of management accounting theory for this research stems from 
the fact that budgetary control, as part of budgetary management, falls within the preview of 
management accounting. In this sense, the place, purpose and role of evaluation in budgetary 
control are determined here in the context of management accounting theory (Otley & Soin, 
2014; Novák & Popesko, 2014). We also perceive and employ the following definitions of key 
concepts of budgetary management formulated in the context of this theory:
Budgetary management – A management process (Lucey, 2009) aimed at achieving the 
organization’s annual goals. It covers two stages: budgetary planning and control;
Budgetary control - A process in which performance of the organization and its responsibility 
centres (RCs) are evaluated and analysed for the reporting (actual) period by their budgets as 
standards for that period (Otley & Soin, 2014);
Budget – A plan with a maximum horizon of one year (Drury, 2018);
Budget committee - A large focus group formed by experts of the organization and reporting 
to the top executive manager (Nishimura, 2019);
Responsibility centre (RC) – An activity area in the organization whose manager is responsible 
for the results of that area for a certain period. Responsibility centres are classified as cost, 
revenue, profit and investment centres (Zhang, 2014);
Cost centre - An activity area of the organization whose manager is responsible for the 
controllable costs of that centre for a certain period (Papazov & Mihaylova. 2014);
Budget deviation – A deviation of the actual result from the budget (Lucey, 2009);
Allowable area of deviation - The area between the tolerance limits;
Unallowable budget deviation - The area of budget deviations that does not belong to the 
allowable area of deviation (Lucey, 2009).
The importance of management control theory is mainly related to the application of some basic 
approaches of that theory to the evaluation model proposed here. Management by objectives 
and management by exception are the most important ones for the model. The management by 
objectives approach (Drucker, 1954) is considered here to be the conceptual basis for choosing 
input indicators (variables) to evaluate responsibility centres. In this model, the evaluations by 
input variables and the possible states of the scales are based on the management by exception 
approach (Bitter, 1964). In addition, some elements of the evaluation procedure are determined 
in terms of control theory (Flamholtz, 1996). 
The performance management theory is the theoretical foundation of this evaluation model. 
Based on its principles and approaches, the output variables are selected, and most activities of 
the model are developed. The multidimensional evaluation approach is of great significance for 
this model, according to which results are not the only indicator of evaluation (Gavurová et al., 
2017; Williams, 1998). In its context, the definitions of responsibility centre’s achievement and 
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performance are formulated in the present paper. Some other concepts used in this model are 
also defined in terms of performance management theory, with concepts of performance meas-
urement and evaluation the most important. These concepts form the basis of all measurement 
and evaluation activities of the model. More precisely, we have employed Ilgen and Schneider’s 
understanding of these concepts. Ilgen & Schneider (1991) define performance measurement to 
be an activity of quantifying performance and performance evaluation to be an activity of at-
tributing an evaluation of either the value or quality of the quantified performance.
3. RESEARCH OBJECTIVE, METHODOLOGY AND MODEL
3.1 Research objective
The research objective of this paper is to suggest a contemporary model for evaluation in the 
budgetary control process of the organization. The modern evaluation approach and the com-
plex toolkit of management science and the mathematical theories of fuzzy logic and fuzzy sets 
employed in the model are considered to be its main features.
3.2 Methodology
In methodological terms, this model is based primarily on theories of fuzzy logic and sets.
Fuzzy logic theory provides a methodology for dealing with linguistic (qualitative) variables, 
facilitates common sense reasoning with imprecise and vague propositions, and serves as a basis 
for decision analysis and control actions (Bojadziev & Bojadziev, 2007). The achievement and 
performance evaluations of the responsibility centres are created in this model by fuzzy logic 
tools including linguistic variables and logical decision rules. The features of tools used here are 
described in paragraph 3.3.
Fuzzy sets theory is defined as an analogue of probability theory applied to the processing of 
information based on subjective, qualitative evaluations under uncertainty (Kaufman & Gil-
Aluja, 1990). In this model, the mathematical description of evaluations and scales development 
are carried out by fuzzy sets tools; i.e. fuzzy sets, fuzzy numbers (triangular, trapezoidal), fuzzy 
random influence matrices and expertons. Input evaluations (except for achievement evaluation) 
are quantified by fuzzy numbers and output evaluations by fuzzy sets. Fuzzy random influence 
matrices and expertons (Kaufman & Gil-Aluja, 1988; Kuzmanova, 2012) are used to develop 
scales of linguistic variables (input, output).
A survey method using a focus group (called the “budget committee”) is applied in this model 
to evaluate responsibility centres and possible parameters of the scales.
3.3 Description of the model for evaluation in the budgetary control process
The model proposed here (Fig. 1) reflects our concept of the essence, activities and products of 
the evaluation procedure, which is the penult element of the organization’s budgetary control 
process.
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Fig. 1 –  Model for evaluation in the organization’s budgetary control process. Source: own
The evaluation model has two main features, with the first referring to our understanding of 
achievement and performance in budgetary control, and the second the approach applied to 
evaluate the responsibility centres’ achievements and performance. In accordance with our ap-
proach, the evaluation procedure is performed using fuzzy logic tools in two steps. A transfor-
mation of the responsibility centres’ evaluations (quantitative and qualitative) of two input vari-
ables by fuzzy logical rules is done in the first step, generating as a result qualitative and fuzzy 
quantitative evaluations of the responsibility centres’ achievements in budgetary control. In this 
context, the achievement evaluation represents the subjective view of the organization’s budget 
committee regarding the responsibility centre’s result (unallowable budget deviation) in terms 
of the centre’s potential for budget implementation. In the second step, the achievement evalu-
ations along with the subjective evaluations by two other input variables are transformed into 
output evaluations of the responsibility centres’ performance. The conversion is done by other 
logical rules. Thus, the performance evaluation represents the subjective view of the budget 
committee on the responsibility centre’s achievement in terms of its role in achieving the annual 
goals of the organization. 
We have determined the evaluation of budgetary control as taking place in three stages (Fig. 1):
Stage I – Standardization and initialization;
Stage II – Evaluating responsibility centres’ achievements in budgetary control;
Stage III – Evaluating responsibility centres’ performance in budgetary control.
In the first stage of the model, the initial data are standardized and initialization features of the 
applied tools are identified. The first stage consists of four procedures (Pr).
The initial data standardization covers the first two procedures. As a result of the first proce-
dure (Pr. 1 “Determining the mathematical nature of RCs’ unallowable budget deviations”), two 
types of mathematical descriptions of unallowable budget deviations could be found - fuzzy sets 
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and fuzzy numbers. If these deviations are described by fuzzy numbers, we must proceed to the 
third procedure. Otherwise, the second procedure (Pr. 2 “Description of the unallowable budget 
deviations with fuzzy numbers”) must be implemented, within which fuzzy sets describing the 
unallowable budget deviations are transformed into symmetric fuzzy triangular numbers with 
the same area and nature of the deviations – (un)favourable. The procedure ends by representing 
the fuzzy numbers of unallowable budget deviations in a discrete (crisp) form through their nor-
malized distance by Hamming called “Hamming’s number” (Kaufman & Gil-Aluja, 1990). The 
procedure is developed by using the triangle area formula, features of fuzzy triangular numbers 
and formulas for Hamming’s numbers (Tab. 1 and Tab. 4). 
Initialization of fuzzy logic tools is performed by the budget committee in the third procedure 
(Pr. 3 “Initializing the tools of the model”). The initialization is referred to determining the 
nature, number and states of the linguistic variables (input and output) and fuzzy logical rules. 
These features are defined in this model separately for stage II and stage III.
Three variables (two inputs and one output) are used in the second stage. The two input variables 
are the nature of the unallowable budget deviation (“deviation nature”), and the RC’s potential 
for budget implementation (“RC’s potential”). Both input variable has three possible states. The 
states of the “deviation nature” variable (Tab. 1) are unfavourable negative (UN), favourable 
(F), and unfavourable positive (UP) nature, and those of the “RC’s potential” variable (Tab. 4) 
are low (L), medium (M) and high (H) potential. The output variable of the second stage is the 
RC’s achievement in the budgetary control process (called “RC’s achievement”). Its states (Fig. 
2) are six: very low (VL), low (L), unsatisfactory (US), satisfactory (S), good (G), and very good 
(VG) potential.
Four variables are used in the third stage. The input variables are RC’s achievement, budget 
priority, and budget deviation importance. The budget priority is evaluated here in the context 
of the budget package of the organization. Its possible states (Fig. 3) are three: low (L), medium 
(M) and high (H) priority. The budget deviation importance is a subjective evaluation of the 
extent to which the deviation threatens either the achievement of organization’s annual goals or 
the coordination of objectives. Its possible states are three (Fig. 4): little (LT), medium (M) and 
great (GR) importance. The output variable of the third stage is the RC’s performance in budget-
ary control (“RC’s performance”). Its possible states are six (Fig. 5): very poor (VP), poor (P), 
unsatisfactory (US), satisfactory (S), good (G), and very good (VG) performance.
In this model, the fuzzy logical rules used in the second stage (Tab. 2) are 9 and those in the third 
stage (Tab. 3) are 54. The preconditions of the second stage rules (“if”) are formed as an intersec-
tion of two sets (“if ... and ...,”) and those of the third stage – of three sets (“if ... and ... and ...,”). 
These sets represent the input variables of the stage. They are described by fuzzy numbers except 
for the “RC’s achievement” input variable of the third stage. 
Scales of linguistic variables (input and output) are determined in the fourth procedure (Pr. 4 
“Development of scales for the linguistic variables of the model”) by the budget committee 
through survey method. The scales are standards in terms of control theory and are tools for 
quantifying (measurement) in terms of performance management theory. Here, the scales are 
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used to quantify the qualitative evaluations of the possible states of linguistic variables. They are 
developed in three activities: primary and secondary evaluation, and scale definition. The evalua-
tions of scales are described quantitatively by fuzzy triangular and trapezoidal numbers. Tools of 
the fuzzy sets theory are used in the fourth procedure, including mathematical operations with 
confidence intervals, fuzzy expertons and fuzzy random influence matrices. 
In the second stage of the model, the RCs’ achievements in the budgetary control over the re-
porting period are evaluated. This stage covers procedures from five to eight. In them, the evalu-
ations of the input variables are quantified by fuzzy numbers and these of the output variable by 
fuzzy set. Tools used are focus groups, survey method, and fuzzy logic tools.
The RCs’ potential for budget implementation is evaluated in the fifth procedure (Pr. 5 “Evalu-
ating the potential of responsibility centres for budget implementation”). The evaluations are 
generated by a survey among budget committee members and a subsequent average of their 
evaluations through the tools of fuzzy set theory.
The qualitative evaluations of the “deviation nature” input variable are automatically formed in 
the sixth procedure (Pr. 6 “Generating qualitative evaluations of the nature of responsibility cen-
tres’ unallowable budget deviations”) as a result of applying the defuzzified unallowable budget 
deviations to the scale of that variable.
The other two procedures cover activities of the fuzzy logic application as an evaluation tool. 
In the seventh procedure (Pr. 7 “Applying logical rules for evaluating the responsibility centres’ 
achievements”), the fuzzy logical rules of the second stage are applied as follows (Bojadziev & 
Bojadziev, 2007): encoding the input variables, developing an induced decision table, determin-
ing the active cells of the induced decision table, and defining the active rules for evaluating the 
RCs’ achievements. Encoding an input variable means to match the specific evaluations (called 
“readings”, they are generated in the previous two procedures in the second stage) of that vari-
able with fuzzy membership functions representing the possible states of its scale. The results of 
encoding are called “fuzzy reading inputs” (Mamdani & Assilian, 1975). The induced decision 
table is made by replacing the rules in the decision table with the corresponding membership 
functions of the fuzzy reading inputs (Bojadziev & Bojadziev, 2007). Active cells of the induced 
decision table are those with a value other than zero. Active rules for evaluation are located in 
the active cells of the induced decision table.
Fuzzy evaluations of the RCs’ achievements (Fig. 2) are generated in the eighth procedure (Pr. 
8 “Generating achievement evaluations of responsibility centres”). They are described by fuzzy 
sets. The eighth procedure covers two activities (Bojadziev & Bojadziev, 2007): developing ta-
bles of fuzzy decision about the RCs’ achievements and determining fuzzy evaluations of the 
RCs’ achievements. The fuzzy decision table is an analogue of the induced decision table which 
systematizes the outputs resulting from the application of the min function to the fuzzy reading 
inputs of the active rules. Fuzzy evaluations of the RC’s achievement are generated by aggre-
gating all the non-zero results described in the fuzzy decision table through the max function 
(Bojadziev & Bojadziev, 2007). 
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In the third stage of the model, the RCs’ performance in the budgetary control over the report-
ing period is evaluated. Ranking of RCs’ performance is done as well. The third stage covers 
procedures from nine to fourteen. Tools used in it are the same as in the second one.
The ninth and tenth procedures (Pr. 9 “Evaluating the budget priority”, Pr. 10 “Evaluating the 
budget deviation importance”) are done by analogy to the fifth procedure. As a result, the evalu-
ations of the “budget priority” (Fig. 3) and “budget deviation importance” (Fig. 4) are generated. 
They are described by fuzzy numbers and their Hamming’s numbers. 
The eleventh procedure (Pr. 11 “Applying logical rules for evaluating the responsibility centres’ 
performance”) is done by analogy to the seventh procedure of the model. There are three differ-
ences between these procedures. Firstly, the input variables of the third stage are three. Secondly, 
readings of the “RC’s achievement” input variable are described by fuzzy sets. Thirdly, the fuzzy 
reading inputs of this variable are determined by the max-min function according to both the 
approach of Mamdani & Assilian (1975) to define the preconditions of logical rules and the ag-
gregation principle of fuzzy results (Bojadziev & Bojadziev, 2007).
The twelfth procedure (Pr. 12 “Generating performance evaluations of responsibility centres”) 
is done by analogy to the eighth procedure. In it, the evaluations of the “RC’s performance” (Fig. 
5) output variable are generated. They are described by fuzzy sets.
The fuzzy evaluations of RCs’ performance are defuzzified (Fig. 5) in the thirteenth procedure 
(Pr. 13 “Defuzzification of the evaluations of responsibility centres’ performance”). In the sci-
entific literature (Bojadziev & Bojadziev, 2007), defuzzification is defined as a presentation of a 
fuzzy set/ number discretely by a single value that adequately represents the membership func-
tion of that fuzzy set/ number.
In the fourteenth procedure (Pr. 14 “Ranking the results of the responsibility centres’ perform-
ance”), the RCs’ performance is ranked in decreasing order (Tab. 5).
4. RESULTS
The evaluation model proposed in this paper was tested in July 2018 at Twins Design Ltd. (TD). 
It is a Bulgarian enterprise for unique wooden furniture manufacturing. The evaluation model 
was applied to five cost centres (called here “centres”) of TD. Three centres (1, 2, and 3) were 
workshops and two centres (4 and 5) performed administrative functions.
The main results of testing the model at TD are presented in this paper consistently with the 
model’s procedures. The results published here are not representative of the TD’s activity. The 
scales and quantitative evaluations used herein are dimensionless except for the evaluations in 
Tab. 1.
The results of Pr. 1 and Pr. 2 (Tab. 1) cover the unallowable budget deviations and allowable 
areas of budget deviation of TD’s centres. They were normalized within the range [0; 1]. As a 
result of Pr. 2, the deviations of centres 4 and 5 were converted from fuzzy sets into symmetric 
fuzzy triangular numbers.
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Tab. 1 –  Unallowable budget deviations of the cost centres of Twins Design Ltd. for July 2018. 
Source: own
C
o
st
 c
en
tr
e
Unallowable budget deviation (BGN)
Allowable area of de-
viation (BGN)
Type
Possibility Ham-
ming’s 
number
Qualitative 
nature of 
Ham-
ming’s 
number
Possibility
a=0 
min
a=1 
min
a=1 
max
a=0 
max
a=0 
min
a=1 
min
a=1 
max
a=0 
max
1 2 3 4 5*
1
Fuzzy 
number
0.64 0.68 0.68 0.76 0.69 Favourable 0.43 0.45 0.52 0.56
2
Fuzzy 
number
0.55 0.61 0.61 0.67 0.61 Favourable 0.45 0.47 0.53 0.55
3
Fuzzy 
number
0.75 0.81 0.81 0.95 0.83
Favourable 
- Unfa-
vourable 
positive
0.39 0.42 0.53 0.6
4
Fuzzy 
set
0.13 0.2 0.24 0.17 Unfavour-
able nega-
tive
Fuzzy 
number
0.07 0.12 0.12 0.17 0.12 0.17 0.31 0.64 0.81
5
Fuzzy 
set
0.16 0.29 0.3 0.17 Unfavour-
able nega-
tive
Fuzzy 
number
0.15 0.16 0.16 0.17 0.16 0.17 0.31 0.64 0.81
*=[sum(1:4)+sum(2:3)]/6
The results of Pr 3 refer to the features of the fuzzy logic tools used in this study. The features 
of the linguistic variables were described in paragraph 3.3. The TD’s logical rules employed in 
the second and third stage are shown in Tab. 2 and Tab. 3 respectively. The decision table in Tab. 
3 consists of three elements corresponding to the possible states (LT, M, GR) of the “budget 
deviation importance” input variable. The logical rule number in Tab. 2 and Tab. 3 is shown in 
brackets. Shaded cells of these tables contain the active rules for this study.
Tab. 2 –  Decision table of Twins Design Ltd. for evaluation at stage II. Source: own
Cost centre’s achievement in the budgetary 
control process
Nature of the unallowable budget deviation
UN F UP
Cost centre’s potential 
for budget implementa-
tion 
L US (1) VG (2) G (3)
M L (4) G (5) S (6)
H VL (7) S (8) US (9)
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Tab. 3 –  Decision table of Twins Design Ltd. for evaluation at stage III. Source: own
BDI* LT
Budget priority 
BDI* M
Budget priority
BDI* GR
Budget priority
L M H L M H L M H
C
o
st
 c
en
tr
e’
s 
ac
h
ie
ve
m
en
t
VL P (1) P(2)
VP 
(3)
C
o
st
 c
en
tr
e’
s 
ac
h
ie
ve
m
en
t
VL
VP 
(19)
VP 
(20)
VP 
(21)
C
o
st
 c
en
tr
e’
s 
ac
h
ie
ve
m
en
t
VL
VP 
(37)
VP 
(38)
VP 
(39)
L P (4) P (5) P (6) L P (22)
VP 
(23)
VP 
(24)
L
P 
(40)
VP 
(41)
VP 
(42)
US
US 
(7)
US 
(8)
US 
(9)
US
US 
(25)
P (26)
P 
(27)
US
P 
(43)
P 
(44)
VP 
(45)
S S (10) S (11) S (12) S S (28)
US 
(29)
US 
(30)
S
US 
(46)
US 
(47)
US 
(48)
G G 
(13)
G (14)
G 
(15)
G G 
(31)
G 
(32)
S 
(33)
G G 
(49)
S 
(50)
S 
(51)
VG
G 
(16)
G 
(17)
VG 
(18)
VG
G 
(34)
VG 
(35)
VG 
(36)
VG
G 
(52)
VG 
(53)
VG 
(54)
* Budget deviation importance
The results of Pr. 4 are the scales of variables. They are shown as follows: a) Scales of input vari-
ables (stage III): “RC’s (cost centre’s in this context – CC’s) achievement” – in Fig. 2, “budget 
priority” - in Fig. 3, and “budget deviation importance” – in Fig. 4; The scales of input variables 
used in stage II are not presented here. b) Scales of output variables: “CC’s achievement” (stage 
II) - in Fig. 2, and “CC’s performance” (stage III) - in Fig. 5.
The results of Pr. 5 cover the evaluations of the “CC’s potential” variable (Tab. 4). They were: 
low-medium - centres 1, 4, and 5; medium – centre 3; and medium-high – centre 2. 
Tab. 4 –  Potential for budget implementation of the cost centres of Twins Design Ltd. for July 
2018. Source: own
C
o
st
 c
en
tr
e Potential for budget implementation
Possibility
Hamming’s number Qualitative evaluation 
of Hamming’s number
a=0 min a=1 min a=0 max
1 2 3 4=0.25 sum(1:3,2)
1 0.04 0.26 0.47 0.26 Low - Medium
2 0.58 0.7 0.75 0.68 Medium - High
3 0.28 0.34 0.37 0.33 Medium
4 0.2 0.23 0.31 0.24 Low - Medium
5 0.23 0.28 0.34 0.28 Low - Medium
The results of Pr. 6 cover the qualitative evaluations of the unallowable budget deviation of TD’s 
centres (Tab. 1). In this study, the unallowable budget deviations were of the following nature: 
favourable - centres 1 and 2; unfavourable negative – centres 4 and 5; favourable-unfavourable 
positive – centre 3. According to the results, centre 2 had the best result of Pr. 6 because Ham-
ming’s number of its deviation was the smallest favourable one (0.61, Tab. 1).
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The results of Pr. 7 and Pr. 8 consist of the TD centres’ evaluations of achievement in budgetary 
control (p. A1, A2, A3, A4, and A5 in Fig. 2). They are presented in Fig. 2 in a discrete form and 
were calculated through defuzzification of their fuzzy sets by the centre of area (CA) method 
(Bojadziev & Bojadziev, 2007) applied to ten evaluations of each fuzzy set.
Fig. 2 – Achievements of the cost centres in the budgetary control process of Twins Design Ltd.(7/2018). Source: own
The results of Pr. 9 and Pr. 10 cover the evaluations of budget priority (Fig. 3) and budget deviation 
importance (Fig. 4) of TD’s centres respectively. According to the results, centre 1 had the top priority 
budget (0.66, medium-high, p. B1 in Fig. 3) and the most important budget deviation (0.62, medium-
great, p. I1 in Fig. 4). Centre 5 had the most non-priority budget (0.32, low-medium, p. B5 in Fig. 3) 
and the least important budget deviation (0.31, little-medium, p. I5 in Fig. 4). The discrete values in 
Fig. 3 and Fig. 4 represent Hamming’s numbers of the evaluations described by fuzzy numbers.
Fig. 3 – Budget priority of the cost centres of Twins Design Ltd. for July 2018. Source: own
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Fig. 4 – Budget deviation importance of the cost centres of Twins Design Ltd. for July 2018. Source: own
The results of Pr 11, Pr 12, and Pr 13 consist of the performance evaluations of TD’s centres (Fig. 
5). The defuzzified evaluations of all centres (p. P1, P2, P3, P4, and P5 in Fig. 5) were calculated 
by the CA method through ten evaluations of each fuzzy set.
The results of Pr 14 (Tab. 5) cover the performance ranking of TD’s centres for July 2018.
Tab. 5 – Performance ranking of the cost centres in the budgetary control process of Twins 
Design Ltd. for July 2018. Source: own
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Performance evaluations in budgetary control by the CA method
Rank
Quantitative Qualitative
1 0.683 Good – very good 1
2 0.4569 Satisfactory 3
3 0.4825 Satisfactory 2
4 0.2187 Poor 5
5 0.2912 Poor - unsatisfactory 4
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Fig. 5 – Performance of the cost centres in the budgetary control process of Twins Design Ltd. (7/2018). Source: own
5. DISCUSSION
The comparative analysis of the cost centres’ results in the budgetary control of TD for July 2018 
provide the basis for the following findings:
Concerning the cost centres’ achievements:
Centre 1 reached the highest achievement evaluation among TD’s centres (p. A1 in Fig. 2) (good-
very good). This was achieved despite the second most favourable result of that centre by “devia-
tion nature” variable (0.69, Tab. 1). In our opinion, the main reason for this highest result is the 
nature of logical rules 2 and 5 (Tab. 2) applied to the low-medium potential of centre 1 for budget 
implementation (0.26, Tab. 4). 
Close achievement evaluations of centres 2 and 3 were generated (p. A2, p. A3 in Fig. 2). Qualita-
tive evaluations of both centres were the same (satisfactory-good). Yet, the quantitative evalu-
ation of centre 3 (0.55, p. A3 in Fig. 2) was higher than those of centre 2 (0.53, p. A2 in Fig. 2). 
This result was reached despite the best evaluation of centre 2 by the “deviation nature” variable 
(0.61, Tab. 1) and the fact that the logical rules applied to evaluate both centres (Tab. 2, centre 
2: rules 5 and 8, centre 3: rules 5 and 6) predetermine the same qualitative evaluations. The 
researchers propose that this better result of centre 2 is due to its higher potential for budget 
implementation (0.68, medium-high, Tab. 4) compared to centre 3 (0.33, medium, Tab. 4).
Close achievement evaluations of centres 4 and 5 were also generated (p. A4, A5 in Fig. 2). 
Logical rules 1 and 4 (Tab. 2) were used for their generation. Centres 4 and 5 showed the same 
qualitative evaluations (low-unsatisfactory) but different quantitative ones - 0.21 and 0.19 re-
spectively. These results are based on the same qualitative evaluations by the variables “deviation 
nature” (unfavourable negative, Tab. 1) and “CC’s potential” (low-medium, Tab. 4) but different 
quantitative ones.
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Concerning the cost centres’ performance:
Centre 1 was ranked first in the performance ranking of TD’s centres (good-very good evalua-
tion, 0.683, p. P1 in Fig. 5, Tab. 5). The researchers propose that this result is a consequence of 
both maximal evaluations of centre 1 by input variables (achievement: good-very good, 0.69, p. 
A1 in Fig. 2; budget priority: medium-high, 0.66, p. B1 in Fig. 3; budget deviation importance: 
medium-great, 0.62, p. I1 in Fig. 4) and the logical rules used to evaluate its performance (32, 33, 
35, 36, 50, 51, 53, and 54 in Tab. 3). 
Centres 2 and 3 achieved close performance results, with their performance evaluated to be 
satisfactory (p. P2 and P3 in Fig. 5). The quantitative evaluation of centre 3 was higher (0.4825, 
p. P3 in Fig. 5) than that of centre 2 (0.4569, p. P2 in Fig. 5). Based on the quantitative results, 
centre 3 was ranked second and centre 2 ranked third in the TD’s performance ranking (Tab. 5). 
The researchers propose that the different performance results are due to significant differences 
between the centres’ evaluations by the input variables “budget priority” (Fig. 3, centre 2: 0.64, 
medium-high, p. B2; centre 3: 0.33, low-medium, p. B3) and “budget deviation importance” (Fig. 
4, centre 2: 0.6, medium-great, p. I2; centre 3: 0.33, little-medium, p. I3). Based on these differ-
ent evaluations, the logical rules applied to evaluate the centres’ performance were also different 
(Tab. 3, centre 2: rules 29, 30, 47, 48; centre 3: rules 10, 11, 28, 29).
Centre 4 achieved the worst performance (poor evaluation, 0.2187, p. P4 in Fig. 5). Thus, its rank 
was the lowest one - fifth (Tab. 5). This result was achieved although the input evaluations of 
centre 4 were not the minimal ones (achievement: low-unsatisfactory, 0.21, p. A4 in Fig. 2; budget 
priority: low-medium, 0.37, p. B4 in Fig. 3; budget deviation importance: medium, 0.43, p. I4 in 
Fig. 4). The researchers propose that this worst result is based on both logical rules (22, 23, 25, 
and 26, Tab. 3) applied to evaluate the performance of centre 4 and its fuzzy reading inputs of 
achievement (p. A4 in Fig. 2).
The performance of centre 5 was ranked fourth (Tab. 5). Its evaluation was poor-unsatisfac-
tory (0.2912, p. P5 in Fig. 5), a result reached although the input evaluations of centre 5 were 
the minimal ones (achievement: low-unsatisfactory, 0.19, p. A5 in Fig. 2; budget priority: low-
medium, 0.32, p. B5 in Fig. 3; budget deviation importance: little-medium, 0.31, p. I5 in Fig. 4). 
The performance evaluation of centre 5 is based on the logical rules 4, 5, 7, 8, 22, 23, 25, and 26 
(Tab. 3). 
The following recommendations should be made to the TD’s budget committee: 
The scales for evaluating TD’s cost centres by all variables should be refined. The range 
of the highest possible state (VG, H, GR) of all the scales used in this study was too wide 
compared to other states (Fig. 2, Fig. 3, Fig.4, and Fig. 5).
Different scales should be developed to evaluate different types of responsibility centres 
(revenue, cost, profit, and investment centres) in the budgetary control of TD.
Scales and logical rules for evaluation should be tailored to the specifics of the reporting 
period for which the TD’s responsibility centres are evaluated. 
The following main conclusions from this study could be drawn:



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The evaluation model proposed here was successfully implemented in the budgetary control 
process of Twins Design Ltd. in July 2018. As evidence of this, the qualitative and quantitative 
performance evaluations of TD’s cost centres were generated and ranked.
The model provides an opportunity for the management (budget committee) to evaluate 
objective results (Fig. 1) from the budgetary control (RCs’ unallowable budget deviations, 
Tab. 1) in terms of subjective criteria (budget priority, budget deviation importance, RCs’ 
potential, Tab. 4, Fig. 3, Fig. 4) describing the RCs’ role in achieving the annual goals of 
the organization. We consider this feature of the model as its main advantage compared to 
conventional models.
Furthermore, quantitative evaluations are described by subjective distributions (Tab.1, Tab. 
4, Fig. 3 to Fig. 5) consisting of confidence intervals for each possibility α in the range 
[0; 1]. Consequently, the model is an appropriate tool for subjective evaluation of the RCs’ 
performance in budgetary control under uncertainty.
In addition, the model makes it possible to take into account the impact of the organization 
and its environment on performance in budgetary control. Adaptation to changes could be 
achieved by adjusting the scales and subjective evaluations.
Another major advantage of the model is that it allows immediate transformation of 
quantitative into qualitative evaluations and vice versa both in fuzzy and crisp types. 
6. CONCLUSIONS
An original model to evaluate performance in the budgetary control process of the organization 
is proposed in this paper. The model is based on a contemporary evaluation approach and a com-
plex toolkit of management science and mathematical theories of fuzzy logic and fuzzy sets. The 
practical applicability of the model was demonstrated empirically for a Bulgarian enterprise.
The researchers propose that opportunities for the future improvement of the evaluation model 
could be found in the following directions: increasing the number of input variables used to 
evaluate the responsibility centres’ achievements and performance in budgetary control, taking 
into account the views and influence of other stakeholders (external and internal) in determining 
subjective evaluations of the responsibility centres, elaborating the model and/or connecting it 
more closely with the reaction procedure of the budgetary control process, linking the model 
with the human resource management system of the organization. We believe that the imple-
mentation and further improvement of the model will contribute to more effective management 
and thus to enhancing the competitiveness of organizations.
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